I. Introduction
THE flow field generated by the infringement of high-speed flows usually results in a very unsteady flow field. When such flows are generated at the rear end of aerospace vehicles, this flow can lead to a host of adverse effects that can diminish aircraft performance. One of the important related issues is the occurrence of base flow aerodynamic side loads due to vortex shedding and asymmetric flow separation inside a rocket nozzle. This problem has been well studied through experiments as well as computations. The unsteady separation phenomenon inside the nozzle can lead to steady/unsteady forcing of the thrusting nozzle, as well as associated mechanisms due to fluid-structure interactions [1] [2] [3] [4] [5] . The presence of such unsteady side loads can also result in adverse control systems of the vehicle in pitch, roll, and yaw [6] . Since the nozzle is located in the wake of the main body, response of the nozzle and the associated mechanical systems to the oscillating outer flow in the presence of asymmetric loading due to internal flow has been studied [4, 7, 8] . The investigations have demonstrated the origin of these unsteady phenomena at the base of the nozzle are 1) asymmetric separation line, 2) pressure pulsations at the separation and reattachment locations, 3) aeroelastic coupling, 4) transition of separation pattern between restricted shock separation (RSS) and full shock separation (FSS), and 5) external flow instabilities such as buffeting [9] . A computational approach to model the fluid-structure interactions of the one such nozzle using detached-eddy simulations coupled with second-order structural computations for different nozzle configurations has been studied [10] .
In fluid dynamics research community, the efficient and effective control of turbulent flow has turned an upcoming goal. Innumerous applications of turbulence flow control include viscous drag reduction in numerous aerodynamic and hydrodynamic applications, regulation of heat transfer, reduction of wall pressure fluctuations and flow-generated noise, reduced oscillation and unsteadiness in resonance-dominated flows, and so on. These control techniques are also used to delay the transition to turbulence, and prevention/delay of boundary-layer separation in various internal and external flows leading to performance loss. The interaction of pressure distribution in the expansion corner with the boundary layer and thickness of upstream flow was studied by Wick [11] . Boundary layer is a cause of fluid for the corner flow and it was found that air expands abruptly after passing through a convergent nozzle. The under expanded gas jets from the blunt bodies was seen to produce a shock structure by applying numerical studies by Menon and Skews [12] . This shock structure was affected by the corners of the nozzle and barrel shocks were observed in the nozzle exit by changing nozzle orientation. Also Muller examined the effect of initial flow direction on the base pressure of nozzle [13] . The effect of base cavities on the base pressure at various angles was studied by Tanner [14] . He found an increase in base pressure by applying cavities, and hence reduction in base drags. The experimental investigation to study the effects of micro jets under the influence of over, under and correct expansion to control the base drag was studied by Rathakrishnan and others [15] [16] [17] [18] [19] [20] [21] [22] . The result was very effective in terms of percentage, as micro jets reduced the base drag without affecting the wall pressure distribution. It is found that many techniques can be used to reduce or even suppress the flow separation.The experimental investigation to study the effects of micro jets under the influence of over, under and correct expansion to control the base drag was studied by Khan and others [20] [21] [22] [23] [24] [25] [26] [27] . The result was very effective in terms of percentage, as micro jets reduced the base drag without affecting the wall pressure distribution. It is found that many techniques can be used to reduce or even suppress the flow separation.
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Therefore in this study, we have employed micro jets as active control devices in our examination, the correlation of base pressure change with flow Mach number has been demonstrated at different L/D ratios.
II. Experimental Procedure
The fringed nozzle-enlarged duct is fixed at the end of the settling chamber by a slot holder arrangement. The base pressure taps and wall pressure taps are measured matching the channels of pressure sensors connected on bread board to a data logger at a time in each run for different Mach numbers and expansion levels. Pressure sensors used for this experiment are Honeywell TruStability® Board Mount Pressure Sensors, HSC Series -High Accuracy, Low Pressure Sensors -HSCDANN015PAAA5 (Absolute) and HSCDANN010BGAA5 (Gauge). Data acquisition is done with the help of Graphtec MIDI LOGGER GL820, with a 20-channel input. The model area ratio (D2/d2) is varied in the range from 1.5 to 4. The L/D ratio is another variable parameter 4, 5, 6 for pipe diameters 19 mm, 16 mm, and 13 mm respectively. NPR can be calculated accurately, while Mach number can be estimated from isentropic relationships. The measurements include the stagnation pressure of the settling chamber, the base pressure, and the wall pressure distribution along the length of the duct. All of the pressures are measured using absolute pressure sensors, except for the settling chamber pressure, which is measured using gauge pressure sensor. A data logger is used for data acquisition. Tests done using pressure sensors and data logger for a particular case with repeated testing for the same, showed that it was repeatable within ±2~3% accuracy with the previous results of the same case.
III. Results and Discussion
One of the common problems faced while working in the area of suddenly expanded flow field is that the pressure field in the enlarged duct becomes oscillatory because of the "Ejector Pump" action at the base region i.e. the vortices are getting formed at the base because of expansion of the shear layer from the nozzle and getting ejected to the main flow continuously. In the literature this action was referred to as the "Jet Pump action". This action renders the flow in the duct to become oscillatory. These oscillations are reflected as variation in the wall pressure distribution of the enlarged duct. Therefore, it becomes mandatory on the part of a researcher working on sudden expansion problems to monitor wall pressure distributions in the enlarged duct. In other words when we employ a control to modify the base pressure level, there is a possibility that the control might augment the oscillatory nature of the flow field in the enlarged duct. To account for this undesirable effect (aggravating the oscillatory nature of the flow field) wall pressure distribution in the enlarged duct was measured for all combination of parameters of the present investigation.
Results for Correctly Expanded Jets:
Wall pressure results for L/D = 1 to 4 for correctly expanded jets are shown in Figs. 1((a) to (d) ). From figure 1(a) it is seen that flow is not attached with wall and due to extremely short duct length and due to the influence of the back pressure the wall pressure values are much closed to the ambient pressure. Wall pressure with and without control are identical. Also, it should be kept in mind that the jets are correctly expanded. Fig. 1 (b) presents the wall pressure distribution for L/D = 2. It is observed that the flow is attached with the duct wall and the reattachment point seems to be at x/L = 0.3. For this case also wall pressure field remains identical and there is smooth recovery of the flow in the enlarged duct. Almost similar results are seen for L/D = 3 and 4 in Fig. 1((c) to (d) ). Results of wall pressure for L/D = 5 and 6 are shown in Figs. 3((a) to (b) ). Here, once again the flow field is identical with and without control and in both the cases the recovery of the wall pressure is very smooth, and fluctuations in wall pressure field are observed. Also, for both the cases the location of reattachment point seems to be at x/L = 0. 
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85 | Page [i-CAM2K16] DOI: 10.9790/1684-16053038389 is seen that there is strong oblique shock wave present at x/L = 0 for both the L/Ds namely L/D = 8 and 10 and the wall pressure nearly becomes equal to the ambient pressure and then again flow undergoes through the expansion fan resulting in significant reduction in the wall pressure at x/L = 0.05 and again there is increase in the wall pressure due to the presence of oblique shock wave and the location of the shock wave is at x/L = 0.1. Further, at x/L = 0.15 the flow in the enlarged duct has almost achieved the value of the atmospheric pressure, and for x/L = 0.2 and above it remains constant and flows with and without control are identical which means when controls in the form of micro jets are employed they do not disturb the flow field in the duct.
Results for Under Expanded Jets:
Wall pressure results for L/D = 1 to 4 for under expanded jets are shown in Figs. 2((a) to (d) ). From figure 2(a) it is seen that flow remains attached with wall even though L/D is as low as = 1, and the reattachment point seems to be at x/L = 0.5 and control results in marginal decrease in the wall pressure otherwise the wall pressure flow field with and without control remains same. Further, it is observed that due to the extremely short length the flow in the duct is influenced by the back pressure leading to the larger values of the wall pressure. Fig. 2 (b) presents the wall pressure distribution for L/D = 2. It is observed that the flow is attached with the duct wall and the reattachment point seems to be at x/L = 0.28. For this case also wall pressure field remains almost identical and there is no smooth recovery of the flow in the enlarged duct due to the presence of the waves as the jets under expanded and the flow will pass through the expansion fan. Immediately at the exit from the nozzle there is an oblique shock at x/l = 0 and hence there sudden jump in wall pressure and then it under goes through the expansion fan at x/L = 0.28, resulting in decrease of pressure.
Results for L/D = 3 and 4 are shown in Here, once again the flow field is identical with and without control and in both the cases the recovery of the wall pressure is not smooth rather it wavy in nature, and fluctuations in wall pressure field are observed. The main reason for this trend is due the jet being under expanded. Another observation is that the second jump in wall pressure has shifted back and there is third jump as well this could be due to the larger length of the duct.
Also, for both the cases the location of reattachment point seems to be at x/L = 0. 
